Introduction Lymphedema is a significant health problem faced by a large percentage of breast cancer survivors. The Women's Healthy Eating and Living (WHEL) Study has a unique dataset collected after the completion of breast cancer treatment, which allowed a focused analysis of risk factors for breast cancer-related lymphedema. Methods Participant characteristics, treatment modalities, and health behaviors were examined as potential predictors of lymphedema among breast cancer survivors with univariate analyses and multivariate logistic regression. Results Lymphedema status was assessed for 83 % of the study cohort (2,431 of the 2,917 WHEL participants). Among these respondents, 692 (28.5 %) women reported yes to either a physician's diagnosis of lymphedema or a question on arm/hand swelling. When compared to other participants, women with lymphedema were diagnosed at a younger age, more likely to have a higher body mass index, had a larger tumor size, had more lymph nodes removed, more likely to have a mastectomy with radiation therapy, and more likely to have chemotherapy. In the final multivariate-adjusted model, body mass index greater than 25 kg/m 2 (p<0.01), the removal of 11 or more lymph nodes (p<0.01), and breast cancer surgery plus radiation therapy (p<0.01) showed a strong independent association with developing breast cancer-related lymphedema.
Introduction
Over 2.6 million women are estimated to be breast cancer survivors in the USA [1] . One difficulty facing breast cancer survivors is the risk of secondary lymphedema of the ipslateral arm/hand. Breast cancer-related lymphedema can occur months or years after breast cancer treatment (e.g., surgery, radiation) and is estimated to affect approximately 6-30 % of women who receive such treatment [2] . Erickson and colleagues' review reports the overall incidence of arm edema in breast cancer survivors as 26 % (with a range of 0-56 %) [3] . One of the main risk factors for breast cancerrelated lymphedema is lymph node removal [3] [4] [5] [6] . In the past decade, the incidence of breast cancer-related lymphedema has decreased with the use of sentinel lymph node biopsy (SLNB); however, lymphedema is still a considerable problem [7] [8] [9] . McLaughlin and colleagues reported that the development of lymphedema occurred among 5 % of the 600 patients who underwent SLNB alone [8] . Among older breast cancer survivors, Yen and colleagues found that lymphedema developed in 5.7 % of women who had no axillary surgery, 7 % who underwent SLNB, and 21 % who underwent axillary lymph node dissection [7] . These studies indicate that while lymph node removal is a key risk factor, it is not the only risk factor for breast cancer-related lymphedema. Other potential risk factors include tumor stage, radiation therapy, chemotherapy, infections, injury, body weight, age, inflammation, and poor hygiene [6, 8, [10] [11] [12] [13] [14] [15] . While breast cancer treatment-related risk factors for lymphedema may be unavoidable, other risk factors may be modifiable.
The main objective of this study was to examine participant baseline characteristics (e.g., age, body mass index, treatment type, and level of physical activity) as potential predictors of lymphedema among early stage breast cancer survivors enrolled in the Women's Healthy Eating and Living (WHEL) Study. The WHEL Study's unique dataset was collected after the completion of breast cancer treatment and allows focused analyses of a variety of topics relating to breast cancer survivorship, including lymphedema.
Methods

Study population
The WHEL Study tested the effect of a plant-based diet on breast cancer recurrence and mortality among breast cancer survivors. The WHEL Study enrolled 3,088 women within 4 years of diagnosis of early stage breast cancer categorized using American Joint Committee on Cancer (edition IV) criteria as stage I (≥1 cm), stage II, or stage IIIA [16] . Participants were recruited at seven study sites in California, Arizona, Oregon, and Texas through physicians, tumor registries, and community breast cancer events between March 1995 and November 2000. Over a median 7.3 years of follow up, 16.9 % of the women in the comparison group and 16.7 % of women in the intervention group experienced an additional breast cancer event, and 155 women in the intervention group died compared to 160 women in the comparison group [17] .
Procedures
Participants in the WHEL Study were asked to complete a series of questionnaires at five study time points [baseline, 1, 2 or 3 (randomly determined), 4, and 6 years]. These study assessments were completed by self-administered questionnaires and in-person interviews. Participants were also contacted twice per year by WHEL staff to collect information on health status, hospitalizations, medical procedures, and other breast cancer and health related topics (one of which was lymphedema). Additional study protocols have been described elsewhere [16] . Procedures for this study were approved by the institutional review boards of each participating institution.
Baseline dataset
Upon enrollment into the WHEL Study and prior to randomization, participants completed a series of baseline assessments described in detail below.
Demographics
Demographic data, including age at diagnosis, marital status, ethnicity, and education, were collected at baseline by a telephone screening interview and intake forms. Height and weight were measured during the first clinic visit and used to calculate body mass index (BMI), which was categorized as underweight/normal weight (BMI<24.9 kg/m 2 ), overweight (BMI025-29.9 kg/m 2 ), and obese (BMI≥30 kg/m 2 ).
Tumor and treatment characteristics
Medical records including pathology reports were reviewed for each participant. Axillary lymph node dissection was an eligibility inclusion criterion for all WHEL participants. Variables that were documented included tumor grade and size, number of lymph nodes removed, type of breast cancer surgery (i.e., lumpectomy or mastectomy), administration of chemotherapy and/or radiation therapy, and use of antiestrogen therapy. The present analysis uses three categories to describe breast cancer treatment: mastectomy with no radiation therapy, lumpectomy plus radiation therapy, and mastectomy plus radiation therapy.
Health behaviors
At each of the five study time points, participants completed a questionnaire on their personal health habits, including smoking status and a validated nine-item physical activity scale [18] . The present analysis uses only the baseline assessment of the personal health habits questionnaire. Physical activity frequency, duration, and intensity were converted into metabolic units (METs) using a standard compendium in accordance with Ainsworth et al. [19] . Following other studies [18, 20, [20] .
Comorbid medical conditions
Participants completed a health status questionnaire that assessed the prevalence of some diagnosed diseases and conditions. Some of these conditions were combined into general systems (i.e., cardiovascular conditions) to increase the sample sizes in each category and to avoid the potential for overlapping diagnoses. For example, cardiovascular conditions include high blood pressure, angina, any use of cholesterol-related medications, peripheral arterial disease, and other heart-related conditions.
Lymphedema special dataset
Starting in March 2003 through August 2006 as part of the semi-annual calls, WHEL staff conducted telephone interviews with participants to assess lymphedema status. The interview questions were adapted from Norman and colleagues' validated telephone lymphedema questionnaire [22] . Prior to starting the questionnaire, participants were informed that lymphedema is a swelling of the arm or hand due to fluid buildup following surgery. To assess lymphedema status, women were asked two questions: (1) "Since your breast cancer treatment, was there ever a time when your arms or hands were different sizes from each other?" and (2) "Since your breast cancer treatment, has a health care professional ever told you that you have lymphedema?" The responses for both items were "yes", "no", or "not sure/ don't know". Women were grouped into two categories based on their responses to the above two questions. The lymphedema group consists of women who answered "yes" to one or both of the above questions. Women who responded "no" or "not sure/don't know" to both questions were categorized as not having lymphedema.
Statistical methods
Univariate analyses were conducted to examine if participant demographics (e.g., age, ethnicity, BMI), tumor and treatment characteristics (e.g., tumor size, number of lymph nodes removed, treatment modality), health behaviors (e.g., smoking and physical activity), and comorbid medical conditions (e.g., arthritis, osteoporosis) were significantly associated with lymphedema status. Categorical variables were analyzed using χ 2 tests and continuous variables with independent samples T tests and Wilcoxon rank-sum test. Lastly, logistic regression modeling was used to examine the association between baseline participant characteristics and selfreport of lymphedema. Independent variables that were statistically significant in the univariate analyses were entered into the model using a stepwise entry procedure. In addition, we examined interaction terms between each of the variables included in the logistic regression model. Significance for all analyses was set at P<0.05. All analyses were conducted using SPSS v. 16 .0 (Chicago, IL, USA).
Results
By March 1, 2003, 2,917 WHEL participants were alive and contacted for the lymphedema semi-annual call. Of those contacted, 83 % (N02,431) of the study cohort responded and self-reported their lymphedema status. Among these 2,431 respondents, 466 (19.2 %) reported that a healthcare professional had told them they had lymphedema, and 676 (27.8 %) self-reported swelling of the arm or hand. In total, 692 (28.5 %) women reported yes to either a physician's diagnosis of lymphedema or arm/hand swelling; of these women, 450 (18.5 %) reported yes to both a physician's diagnosis and self-report of arm/hand swelling. Demographic, medical characteristics, and health behaviors reported at baseline are provided in Table 1 . For all respondents, the average age at diagnosis was 51 years. Most women were nonHispanic White, college graduates, and married. Over half of the women were classified as overweight or obese. In terms of physical activity, the majority reported participating in at least 3.3 MHW. Approximately 4 % of the respondents were current smokers and over half were never smokers. Most women either had a lumpectomy plus radiation therapy or a mastectomy plus radiation therapy, and the majority received chemotherapy. The average number of lymph nodes removed was 15. Most women in the sample did not report having a comorbid medical condition at baseline. When compared to other participants, women with lymphedema were diagnosed at a younger age, more likely to have a higher body mass index, had a larger tumor size, had more lymph nodes removed, more likely to have a mastectomy with radiation therapy, and more likely to have chemotherapy.
Based on results of the univariate tests, variables that were significant were added to binary logistic regression models to determine the association between the baseline variables and lymphedema status. Since the association between lymphedema and osteoporosis was close to statistical significance in the univariate tests, we created a regression model that included it with the other variables that were significant. However, after adjusting for the other variables included in this model, osteoporosis was no longer statistically significant (p00.214) and not included in the final model. In the final multivariate-adjusted model (Table 2) , BMI, the number of lymph nodes removed, and breast cancer treatment were significantly associated with lymphedema status. There were 2,425 participants included in the final model: three participants were missing data on tumor size, two were missing data on the number of lymph nodes removed, and one participant was missing data on breast cancer treatment. Continuous variables were tested with independent-samples T test and Wilcoxon rank-sum test Odd ratios adjusted for all variables in the table
As shown in Table 2 , compared to women of normal weight, those who were overweight had 33 % higher odds of having lymphedema and those who were obese had twice the odds. Women who underwent a lumpectomy with radiation therapy had 12 % higher odds of having lymphedema than those who only had a mastectomy although this result was not significant at the 5 % level. In addition, women who had a mastectomy with radiation therapy had over twice the odds to self-report lymphedema compared to those who only had a mastectomy. The more lymph nodes removed increased the odds of developing lymphedema. Compared to women who had 1-10 lymph nodes removed, women who had 16 or more lymph nodes excised had 65 % higher odds of lymphedema. In summary, having a BMI greater than 25.0 kg/m 2 , breast cancer surgery with radiation therapy, and more than 11 lymph nodes removed were significantly associated with developing breast cancer-related lymphedema. Figure 1 illustrates the significant interaction between BMI and the number of lymph nodes removed [χ 2 (4, N02,425)0 20.20, p<0.01]. Regardless of the number of lymph nodes removed, obese women had higher rates of lymphedema than normal weight and overweight women: odds ratios ranged from 2.31 to 3.60 for obese women across lymph node categories compared to odds ratios of 1.00-1.69 for normal weight women.
Further, sensitivity analyses were conducted among women who self-reported a physician diagnosis and arm/ hand swelling (N0450) compared to women with no report of lymphedema (N01,739) to further examine the association between baseline risk factors and lymphedema. The results of these analyses were similar to those presented in Tables 1 and 2 (data not shown).
Discussion
Breast cancer-related lymphedema is an adverse and chronic health condition that affects a significant number of breast cancer survivors. The purpose of this study was to identify the prevalence of lymphedema in the WHEL cohort of breast cancer survivors and to examine the factors associated with lymphedema among our participants. In our study sample, approximately 29 % of the women self-reported lymphedema. Considering the varying definitions used to define lymphedema, our percentage of self-reported lymphedema is comparable to other studies reporting the prevalence of lymphedema among breast cancer survivors [2, 3, 6, 10, 15, 23] . Ahmed and colleagues stated that 8 % of their population reported a lymphedema diagnosis and 37 % reported only arm symptoms of lymphedema [6] . Meeske et al. found that 24 % of their population reported lymphedema [15] . Hayes and colleagues reported that 33 % of their study cohort had lymphedema within 6-18 months after surgery [23] . Also among a cohort of younger breast cancer survivors, 32 % reported persistent arm and/or hand swelling [10] .
This cohort analysis identified breast cancer surgery plus radiation therapy, lymph node removal, and body mass index as having a significant association with developing breast cancer-related lymphedema. In terms of breast cancer treatment, having a mastectomy plus receiving radiation therapy showed a twofold increased odds of developing lymphedema in comparison to having a mastectomy alone. In contrast, other studies have not found breast cancer surgery and/or radiation therapy to be associated with lymphedema [4, 7, 10, 14, 15] . Ahmed and colleagues did not find breast cancer surgery or radiation therapy to be risk factors for those diagnosed with lymphedema; however, they did report that axillary radiation was associated with self-report of arm symptoms among their study population [6] . Hayes and colleagues did not find radiation treatment to be associated with lymphedema, yet mastectomy was shown to be a risk factor for lymphedema in their study population [23] .
The differences in our results from other studies regarding breast cancer treatment as a risk factor for lymphedema may be attributed to differences in demographics of the study populations or the definition of the breast cancer treatment variable. For example, the age at breast cancer diagnosis varies from study to study; some of the studies have a study population that is younger [4, 10, 15] or older [6, 7] than the WHEL Study population. Further, the percentage of women who received breast cancer surgery or radiation therapy also differs among studies. For example, some studies reported that less than 50 % of their population underwent a mastectomy [4, 10, 14, 23] or received radiation therapy [4, 6, 15] . Another key difference is how breast cancer treatment was classified. We chose to combine breast cancer surgery with radiation therapy as our treatment variable; whereas, some of the other studies left these as two separate variables in their analyses. For example, Ahmed and colleagues classified breast surgery as no surgery or lumpectomy, simple mastectomy, radical mastectomy, or unknown, and they classified radiation therapy into two regions: the axilla and the breast [6] .
Our study results confirm findings from other studies that have shown the removal of axillary lymph nodes to be an independent risk factor for lymphedema [4, 6, 7, 10, [13] [14] [15] . We found that women with 16 or more lymph nodes removed had 1.65 higher odds of having lymphedema compared to those with 10 or fewer nodes removed. Similar to our findings, Ahmed and colleagues reported that the odds of lymphedema among women with greater than 20 lymph nodes excised was 3.52 times the odds of women with no lymph nodes removed [6] . Meeske et al. found that those with 10 or more lymph nodes removed had 2.16 higher odds of developing lymphedema compared to those with no lymph nodes removed [15] . Further, studies have shown that even removing only a few lymph nodes can still result in the development of lymphedema [10, 14] . Kwan and colleagues found that the risk of lymphedema increased by 4.1 % for each lymph node removed [14] . These findings in addition to our study results highlight the importance of removing as few lymph nodes as possible when examining the axillary region for tumor metastases.
While lymph node removal is the most common risk factor cited for breast cancer-related lymphedema, our results show that it is not the only risk factor for lymphedema. Our study found that the higher the BMI, the higher the odds of reporting lymphedema. We found that obese participants had twice the odds to self-report lymphedema as normal weight women. These results are consistent with those of previous studies that have found an association between BMI and lymphedema [6, 8, 10, 11, [13] [14] [15] . For example, Ahmed et al. found that among women with a baseline BMI≥30 kg/m 2 the odds of having lymphedema were increased by a factor of 3.24 times compared to women with a baseline BMI<24.9 kg/m 2 [6] . Among younger breast cancer survivors, Paskett and colleagues found the odds of persistent swelling were 2.24 times higher for those with a BMI>30 kg/m 2 compared to those with a BMI< 25 kg/m 2 [10] . Ridner et al. reported that women with a BMI≥30 kg/m 2 at the time of treatment had a 3.6 times higher odds of developing lymphedema than women with a BMI<30 kg/m 2 [11] . In contrast to these findings, Hayes and colleagues found no association between body weight and lymphedema [23] . This difference could be due to the method of measuring lymphedema among the studies. Hayes et al. used bioimpedance spectroscopy to measure lymphedema status [23] ; whereas, our study as well as most of the other studies used self-report of lymphedema.
Additionally, we found that when BMI and the number of excised lymph nodes were considered together, the odds of having lymphedema increased compared to when these variables were considered independently. Obese participants had higher odds of developing lymphedema, irrespective of the number of lymph nodes removed, when compared to normal weight and overweight women. To date, there are no published studies that have examined the association of BMI/number of lymph nodes removed with lymphedema status. Our finding of an interaction between BMI and lymph node removal is novel, and if replicated in other studies, has implications for counseling women about the risk of lymphedema prior to and after breast cancer treatment. Lymphedema patient education is of particular importance for all women who undergo lymph node dissection surgery and have a BMI greater than 30 at the time of cancer diagnosis. In addition, women who have a BMI greater than 30 after cancer treatment should also be educated about the risks factors associated with developing lymphedema.
While the risk factors identified in our study have been reported by others, our analyses did not identify any other participant characteristics (e.g., age, chemotherapy, physical activity, or comorbid medical conditions) associated with lymphedema. Other literature have reported chemotherapy to be associated with lymphedema status [4, 6, 13 ], yet in our study, chemotherapy was not associated with lymphedema in the multivariate model. Similar to our findings, others have reported no association between chemotherapy and lymphedema status [7, 15, 23] . Additionally, some studies have reported age to be associated with lymphedema [15, 23] ; whereas, similar to our study, others have not found this association [6, 10, 14] . In terms of physical activity, our study findings are comparable to other studies that did not find a significant association between level of physical activity and lymphedema [6, 10, 14, 15] . Similar to the Ahmed et al. study, we found that comorbid medical conditions at baseline were not associated with lymphedema [6] . While osteoporosis was borderline significant in the chisquare tests, its significance disappeared once it was included in the regression model with the other variables. In contrast to our findings, Meeske et al. reported that a diagnosis of high blood pressure prior to breast cancer diagnosis was associated with lymphedema [15] . Another study found that breast cancer survivors with lymphedema experience more comorbid medical conditions than those without lymphedema [24] .
The inconsistency in findings related to the above characteristics may be due to differences in study designs, sample sizes, or the time frame of assessing lymphedema status after cancer treatment. A key difference between the studies presented above is the type of study design. Some studies were prospective cohort studies [6, 10, 14] ; whereas, others were retrospective studies examining claims or registry data [4, 7, 15] . In terms of sample size, our study population of 692 women self-reporting lymphedema is much larger than the other studies; most of which had fewer than 200 women with lymphedema [4, 7, 11, 14, 15, 23] . Some of these studies may not have found significant associations between risk factors and lymphedema due to their small sample size. Further, the time frame between the completion of breast cancer treatment and the assessment of lymphedema varies from study to study. For example, some studies assessed lymphedema status within 3 years of breast cancer surgery [4, 10, 13, 14, 23] ; whereas, other studies, including the WHEL Study, assessed lymphedema status at least 4 years postoperatively [6, 7, 15] .
The primary limitation for this study is its reliance on self-report for assessing lymphedema status rather than a physical measurement. However, our sensitivity analysis, which compared those with a self-report of a physician's diagnosis and swelling (N0450) to those with no lymphedema (N01,739), produced similar results to the analyses shown in Tables 1 and 2 comparing women who selfreported arm/hand swelling and/or a physician diagnosis (N0692) to those with no lymphedema (N01,793). These findings support the use of self-report for breast cancerrelated lymphedema status. Also the lymphedema questionnaire used in this study has been validated and shown to accurately identify lymphedema [22] . Additionally, many of the other study variables, such as physical activity, were assessed using self-report measures, which are subject to response bias and may influence the results of the study. Since the baseline information was collected at study entry, which for some participants was up to 4 years after cancer diagnosis, we cannot evaluate the causative relationships between lymphedema and some of the risk factors, such as body mass index, identified in this study. Furthermore, our study baseline BMI variable assessed BMI post-treatment, not pretreatment or prediagnosis. Another study limitation is that participants in the WHEL Study are not representative of all breast cancer survivors; women in the WHEL Study were primarily white, college educated, and highly motivated to participate in a dietary intervention. Hence, the findings from this study may not be generalizable to other breast cancer populations. In contrast to the study limitations, the primary strengths of the study are a large sample size, a 7.3-year average followup period, and substantial data collection on health behaviors, treatment variables, and comorbid medical conditions at baseline.
In conclusion, BMI, lymph node removal, and breast cancer treatment were significantly associated with lymphedema among participants in the WHEL Study. These results are consistent with previous findings on the prevalence of lymphedema among breast cancer survivors and may help educate physicians and patients as to the modifiable risk factors associated with lymphedema. While the number of lymph nodes removed and the type of breast cancer treatment may be unavoidable, maintaining or achieving a healthy weight is a valid target for health behavior interventions aimed at reducing the rates of lymphedema. Future research needs to focus on whether or not modifiable risk factors associated with lymphedema can be effectively targeted in health behavior interventions to prevent the development of breast cancer-related lymphedema.
